Glaucoma is a pathological eye condition that affects millions of people worldwide, making it the second-leading cause of global blindness.\[[@ref1]\] Since raised intraocular pressure (IOP) is a cardinal feature of glaucoma, lowering of IOP is essential to prevent further progression of the disease.\[[@ref2][@ref3]\] Periodic measurement of IOP is highly recommended for both diagnosis and management of glaucoma.\[[@ref4]\] Goldmann applanation tonometry (GAT) is currently considered the gold standard for the measurement of IOP.\[[@ref5][@ref6]\] The main advantages of GAT are that it is inexpensive, portable, and easy to handle. However, it has a few disadvantages such as requirement of topical anesthesia to reduce patient discomfort, increased risk of corneal injury and fluctuations of IOP measurement depending on the corneal thickness.\[[@ref7]\] Furthermore, GAT and other forms of contact tonometry are unsuitable during a few clinically significant scenarios including the immediate postoperative period, infectious keratitis or in the presence of therapeutic contact lenses (CLs). Since GAT is calibrated for 520 μm corneal thickness, it usually underestimates IOP in thinner corneas and overestimates it in thicker corneas.\[[@ref8]\]

Soft CLs are used for correction of refractive errors and therapeutically for ocular conditions like epithelial defects, filamentous keratitis, bullous keratopathy and postrefractive surgery.\[[@ref9]\] During follow-up visits, due to existing ocular conditions it is often impractical to remove the CL for IOP measurement. Previous studies have shown that in healthy eyes, there is a negligible difference between IOP measured over a soft CL with pneumotonometry, Tonopen, GATs, and noncontact tonometers.\[[@ref10][@ref11][@ref12][@ref13][@ref14]\]

The Corvis^®^ ST (OCULUS Optikgerate GmbH, Germany) is a new noncontact tonometer that allows the investigation of the dynamic reaction of the cornea to an air impulse.\[[@ref15]\] It measures IOP by analyzing the deformation of the corneal profile at 4330 frames/s. The mechanism of the Corvis^®^ ST is not fully published.\[[@ref16]\] It is mainly designed to measure noncontact IOP and corneal biomechanics. Being a new instrument, recent studies have compared and investigated the agreement of IOP measured by Corvis^®^ ST with the GAT and the rebound tonometer,\[[@ref16][@ref17][@ref18]\] with both studies showing high correlation and good agreement between the Corvis^®^ ST and other instruments. While assessing the reliability and comparability of a new instrument, the applicability of the measurements in various situations is also important. The Corvis^®^ ST noncontact tonometer is well-suited for situations wherein therapeutic CL are applied, such as laser refractive surgery. To the best of our knowledge, the accuracy of IOP measurement over CLs by theCorvis^®^ ST has never been reported. Therefore, the aim of this study was to investigate the precision of IOP measurement by the Corvis^®^ ST with and without hydrogel CLs on healthy eyes.

Methods {#sec1-1}
=======

Eighty-eight eyes of 88 healthy adult volunteers (40 males and 48 females) were included in this study. The study was conducted in accordance with the tenets of the Declaration of Helsinki and was approved by an institutional review board. The participants had to be at least 18 years of age and able to comply with the lens wearing and clinical trial visits scheduled as directed by the investigator. The participants had to have ocular health findings considered to be "normal," and they should not have conditions that would prevent them wearing CLs safely. The corrected vision had to be 20/40 or better in each eye with spherical CLs. The participants were required to have prior experience using CLs. Exclusion criteria include any current ocular disease, history of ocular surgery, ocular hypertension or any evidence of corneal pathology such as keratoconus.

All subjects provided signed informed consent prior to the study entry. One eye of each participant was randomly selected for the study. All subjects underwent a comprehensive examination including visual acuity measurement, with anterior and posterior segment evaluation.

The Corvis^®^ ST is a noncontact tonometer equipped with an optical pachymetry function.\[[@ref19][@ref20]\] It measures IOP using an air puff and without any physical contact with the eye. During the air puff, a 9 mm slit through the apex illuminates the eye, and a built-in high-speed camera records the movement of the eye at 4330 images/s. The camera uses a sequence of 140 Scheimpflug images of the cornea, which are analyzed by a built-in computer. The device increases the air pressure puffed on the cornea in proportion to time. The shape of the cornea changes from the normal convex surface to a concave surface. This change is optically detected within 140 Scheimpflug images. The device then calculates the time required to applanate the cornea with the air puff.

For each patient, three consecutive measurements with the Corvis^®^ ST were performed by a single examiner, under the same conditions first without and then after 15 min of wearing a CL. All of the worn CLs were discarded immediately following removal. To minimize diurnal variation, all measurements were done during the same session at the same time of the day (11 am ± 1 h). In this study, −0.50 DS CLs (Dailies, Alcon, TX, 69% water, 8.7 mm base curve, 14 mm diameter, center thickness 0.10 mm) were used.

Statistical analysis {#sec2-1}
--------------------

Patient data were analyzed using SPSS software version 17 (SPSS, Inc., Chicago, IL, USA). Normality of the obtained data was assessed using the Kolmogorov-Smirnov test. The repeatability of IOP measurement using the Corvis^®^ ST with and without CL was evaluated using Pearson\'s correlation analysis. Bland-Altman plotting was used to assess the limits of agreement between the measurements with and without CLs. Measurement differences obtained with and without CLs were evaluated using paired *t*-test. The effect of CLs in IOP measurement was analyzed using Levene\'s test. A *P* value of 0.05 or less was considered statistically significant.

Results {#sec1-2}
=======

This study evaluated 88 healthy eyes of 88 participants. There were 40 males and 48 females with a mean (± standard deviation \[SD\]) age of 25 ± 4 years (range 20--35 years). The average IOPs measured by the Corvis^®^ ST with and without CL were 13.79 ± 2.54 and 13.80 ± 2.70 mm of Hg respectively \[[Table 1](#T1){ref-type="table"}\]. The mean difference was 0.01 ± 0.16 (95% confidence interval \[CI\], +1.97 to −2.00) mm Hg. Statistical analysis via paired *t*-test found no statistical difference between the two groups (*P* = 0.15).

###### 

IOP measured by Corvis® ST
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There was a good correlation between IOP measured with and without CL (*r* = 0.93, *P* \< 0.001). Intra-examiner repeatability of IOP measurement with and without CLs is shown in [Table 2](#T2){ref-type="table"}. The correlation was good for consecutive measurements of IOP ranging 0.95--0.99 (*P* \< 0.001 for all correlations).

###### 

Intra examiner repeatability of IOP measured without and with CL
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[Fig. 1](#F1){ref-type="fig"} shows the limits of agreement between IOP measurements with and without CLs in a Bland-Altman plot. Levene\'s test confirmed that the presence of CL does not significantly affect the repeatability of IOP measurements (F = 0.45, *P* = 0.141).

![Bland-Altman plot showing agreement between the intraocular pressure measured by Corvis® ST with and without contact lenses. The central line represents mean thickness differences between methods](IJO-63-323-g003){#F1}

[Fig. 2](#F2){ref-type="fig"} shows the box plot of IOP measurements by the Corvis^®^ ST with and without CLs. The plots indicate similar distributions and inter-quartile range on both sides of the medians.

![Box plot showing distribution intraocular pressure measured by Corvis® ST with and without contact lenses](IJO-63-323-g004){#F2}

Discussion {#sec1-3}
==========

We investigated the difference in IOP measured using the Corvis^®^ ST tonometer on healthy eyes with and without CL. Recent studies have confirmed that the Corvis^®^ ST tonometer provides reliable and reproducible IOP measurements without the need for either local anesthesia or fluorescein staining.\[[@ref17][@ref18]\] In addition, variation in central corneal thickness seems to have little or no influence on IOP measurements by the Corvis^®^ ST.\[[@ref21]\]

Previous studies have shown that the use of soft CLs does not affect IOP when measured by the Topcon\[[@ref22]\] or Nidek air puff noncontact tonometer.\[[@ref11]\] However, Ogbuehi\[[@ref23]\] found that measuring IOP through soft CLs resulted in consistent and significant differences measurements. The repeatability of IOP measurement through CLs mostly depends on the technique being used.

Insler and Robbins found that the difference in IOP measured by NCT with and without soft CLs was higher in hyperopic lenses than in myopic lenses and that the power of the soft CL was a predictor of IOP difference.\[[@ref24]\] In addition, the water content of the CL also contributes to the IOP measurement. However, this effect is negligible when there is a high water content lens or a power of \<−3.00 DS.\[[@ref25]\]

Low minus powered silicone hydrogel lenses are also reported to have a negligible effect on the IOP. These findings are similar to those of our study which used 0.50 DS CLs.\[[@ref13]\] Zeri *et al*.\[[@ref26]\] found a good correlation between IOP measured through hydrogel and silicone hydrogel CLs. While comparing IOP in 40 normal eyes with and without a low powered minus CL, Lim *et al*. found that Tonopen consistently determined higher readings than GAT, however, they reported this inference may be due to the CL itself.\[[@ref27]\]

We found a negligible difference between IOP measurements with and without CLs in our study, in addition, the difference we found, was lower than the difference in previous studies using applanation tonometry. Nosch *et al*.,\[[@ref28]\] in their study comparing IOP readings over a thin hydrogel CL with DCT, found that a thin CL does not affect IOP measurements, which corroborates our findings.

We found a mean difference ± SD (95% CI) in IOP measurement without and with CLs of 0.01 ± 0.16 mm of Hg, which was statistically not significant. Our results are in agreement with a similar previous study conducted in glaucomatous patients that found a mean difference of −0.57 ± 2.3 mm Hg (95% CI, −1.5--0.3\].\[[@ref29]\]

Study limitations {#sec2-2}
-----------------

Although previous studies have found that noncontact tonometry can be influenced by the central corneal thickness,\[[@ref23][@ref30]\] we did not evaluate implications of varying corneal thickness and the central thickness of CLs on IOP measured by the Corvis^®^ ST. In addition, we did not measure IOP through silicone hydrogel CLs, which are the most frequently used extended wear therapeutic lens.

In summary, our results have shown that the IOP measurements in healthy eyes by the Corvis^®^ ST were not affected by soft CLs and were reproducible. The device could, therefore, be an invaluable useful tool in the pre- and post-operative IOP measurement in patients undergoing refractive surgery. It may prove to be invaluable in those cases where measuring IOP over a CL is necessary, such as in patients with bandage CLs. Patients with corneal pathology such bullous keratopathy, abrasions or ulcers could benefit from IOP measurements over a CL as the CL would serve as a buffer and hence protect the cornea. Furthermore, the use of anesthetic drops can be avoided, making further corneal evaluation possible. Additional studies are needed to evaluate the accuracy of the Corvis^®^ ST readings over different CL powers and in diseases like glaucoma.
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